For the local gradient approach in thermomechanics, the regularities of nearsurface nonhomogeneity in nonferromagnetic electroconductive solids, including the size effect of the ultimate stress limit are studied. It is noted that surface values of interaction energy and thermodynamic electric potential are determined by physical and geometrical properties of a body.
I. INTRODUCTION
One of the major tasks of the solid mechanics is predicting the deformation, strength and other parameters of real constructions and devices that are exposed to the complex action of the environment. Such prognosis is based on the use of proper mathematical models that should take into account properties and structure of the material as well as nature of external effects. Proper consideration of the effects of local nonhomogeneity is especially topical in connection with a wide practical application of thin films and fibres, fine laminations, and the like. It is known that such elements feature proportionality of surface and volume factor components in the internal energy. Nearsurface heterogeneity substantially influences crack propagation and brittle fracture, flow deformation and, so on. In the specialistic literature there are some approaches to describe nearsurface heterogeneity within nonferromagnetic electroconductive solids and solid solution models that are based on the concept of an electron body structure with a double electric layer [1, 2] . For such model approach the nearsurface heterogeneity of different physical fields is considered as a result of electric potential heterogeneity.
Local gradient models allow describing the effects of local heterogeneities and the influence of different physical nature fields on them. Thus, such models are appropriate to describe the above phenomena. In works [3] [4] [5] [6] and others, the basic relations of the local gradient approach in thermodynamics are presented, and the regularities of nearsurface nonhomogeneity in thermoelastic solids and solid solutions are investigated. The approach has been set up on the basic principles of thermodynamics of irreversible processes. It allows to account for the influence of different physical nature fields on mechanical behaviour of the body.
In this paper the basic relations of the nonferromagnetic electroconductive solid are presented for the local gradient approach, and the regularities of nearsurface heterogeneity and the size effect of the ultimate stress limit are investigated.
II. LOCAL GRADIENT APPROACH IN THERMOMECHANICS OF ELECTROCONDUCTIVE SOLIDS
The physical and mechanical fields should follow the laws of thermodynamics and balance equations. The starting point for the solid mechanics model construction is usually the equation of total energy balance. We suppose that the total energy E can be expressed as a sum of internal U, kinetic K, and electromagnetic field U e energies e E U K U = + + , (2) satisfies the following balance equation
where τ is time, 
. (4) Here σ is the Cauchy stress tensor, T is temperature, H is the chemical, and Φ is the thermodynamical electric potentials [1] is ponderomotive force and σ s is entropy production.
Maxwell's equations can be written in the local form as
The local gradient approach in thermomechanics is based on presenting the flux k J r as a sum of the irreversible r r (7) that will modify the equations of mass and charge balance to the form
. (8) From the above relations we obtain the equation of internal energy balance
Here ê is the Cauchy strain tensor, E E v B ′ = + × r r r r and for the increase of kinetic energy in time the expression
has been used. Following the thermodynamics of irreversible processes we can rewrite Eq. (9) in the form:
Internal energy of an arbitrarily selected small element of the body is considered to be a thermodynamical potential function of state parameters: entropy S, mass density ρ and charge density ω, vectors of elastic displacement of mass m π r and charge , 
III. CONSTITUTIVE EQUATIONS AND THE BASIC FIELD EQUATIONS
Introducing the Legendre transformation
the energy ( , , , , , )
we write such state equations
Basing on the entropy production expression (11) and Onsager's reciprocal relations, the following kinetic equations can be written
which satisfy the second law of thermodynamics [7] . This yields the definite form of constitutive relations. These relations along with balance equations for total energy, electromagnetic field energy, momentum, mass, entropy and charge, Maxwell's equations for body and vacuum, as well as the Cauchy relation for the strain, make up the complete set of equations in the local gradient model of nonferromagnetic electroconductive solids.
Note that due to classical models which do not regard gradients of chemical and thermodynamical electric potentials as parameters of the local equilibrium state, and supposing the fluxes to be of irreversible form, from (8) we obtain
and that yields to const.
We assume now function F to be quadratic in disturbances of parameters according to the initial state in the form , , , On the basis of the obtained relations we study some interface phenomena in a layer for isotermal conditions in the sequel.
IV. MECHANICAL AND ELECTRIC FIELDS IN A LAYER
Let us consider an electroconductive layer (region | | x l ≤ in Cartesian coordinates { , , }).
x y z We assume that the values of chemical and thermodynamic electric potentials are given at free of load surfaces x l = ± . The layer can be stretched at infinity y → ±∞ . For such conditions in the body one-dimensional situation is realized.
Taking as the key functions the nonzero components of stress tensor ˆ, Here we neglected the stress influence on chemical and electric potentials.
We take now the boundary conditions in the form
at surfaces We should also take an electroneutrality layer condition
that leads to constraint ( , ) 0 a a ϕ η Φ = on the surface values of chemical and electric potentials. Another relation that connects these surface values is the balance of mass for the whole body. This produces the conclusion about the selforganizational nature of the body state which means that it is a steady state at the surface of the body.
Neglecting the effect of the electric potential on the chemical potential for the layer which is free of load ( 0 a y σ = ), we obtain the problem solution in the form
where 1 2 , , , , 
V. SURFACE STRESSES AND ULTIMATE STRESS LIMIT OF A LAYER
Stress distributions in the layer are similar to the distributions obtained in the framework of the elastic body model for the local gradient approach [8] and the parameter 
where k is the material constant, and
is the ultimate stress limit for thick layers (
Relation (26) shows that with the increase of layer size l, the critical load intensity a k y σ decreases, which means that the thick layer can bear less net stress than the thin one. Thus the local gradient approach models allow to describe the size effect of the ultimate stress limit. For the size effect two scales are peculiar.
Intensity of the force loading The surface value of chemical potential (interaction energy) influences the stressed-strained state, ultimate stress limit, and its size effect as well. In [8] the method of finding the surface value of chemical potential in an elastic body is proposed. It is shown that the environment effects, a η , and consequently the body ultimate stress limit, are essential.
VI. CONCLUSIONS
In the model of nonferromagnetic electroconductive solid, nearsurface heterogeneity is caused by the electron subsystem of the body, and the variation of interaction energy at the surface results from a given region which comes from all inner regions of the body.
Surface values of chemical and thermodynamical potentials are uniquely determined by physical and geometrical parameters of the body and its environment.
The size effect of ultimate stress limit features two specific sizes (two scales), one of them being related to the electron subsystem of the body, while the other one to the interaction energy.
